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Abstract

The abundance of elements in the universe was plotted on the TC-YM diagram. The most abundant elements show
the unique pattern drawing a quadrant. Next, the neutron multiple number, the number of neutron per proton in the
nucleus, was introduced. The neutron multiple numbers of elements show the same pattern as the abundance of
elements on the diagram. As a result, the abundance of elements shows a good correlation with neutron multiple
numbers of elements. With increasing neutron multiple number, the abundance decreases. Besides, the neutron
multiple number relates to the materials properties such as the Young’s modulus, thermal conductivity and melting
temperature of elements.
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1. Introduction

Elements in the periodic table are almost metallic or semi-metallic elements. The periodic table is a great
expression of these elements, but it is difficult to apply it to the specific metallurgical events. In general, main
characteristics of the metallic elements are crystal structures and the existence of free electrons. Among many
physical properties, the Young's modulus was selected as an index representing the strength of lattice and the
thermal conductivity as an index representing the characteristics of free electrons. Consequently, a diagram with
the thermal conductivity on the abscissa and the Young’s modulus on the ordinate was made, and each element
was plotted on the diagram. This diagram will be referred to as the “thermal conductivity-Young’s modulus”
(TC-YM) diagram.

The TC-YM diagram shows clear patterns with respect to the crystal structures of elements, and other elemental
properties, such as atomic radius, melting point, thermal expansion, boiling point, heat of fusion, vapor pressure,
heat capacity, electronegativity, and ionization energy.

2. Abundance of Elements in the Universe

The abundance of elements in the universe is often shown in books (Ono, 2008; Oda, 1987). Figure 1 shows the
abundance of elements in the universe on the TC-YM diagram.

The abundance is the existing ratio when the content of Si is normalized to 1,000,000. The figures in the legend
show the range of the abundance in the logarithmic scale. The elements of the largest abundance Mn, Cr, Fe, Ni,
Co, Si, Al, Zn, Mg, Ca, Na and K unexpectedly form a quadrant on the diagram, and the elements with smaller
abundance are distributed inside or outside the quadrant.

This pattern is quite a new one, and is different from any other patterns observed in other properties. The
abundance is not a physical property of the elements. It is a result of the nuclear reactions during the origin of the
universe. Why such a factor does have a unique pattern on the TC-YM diagram?

3. Introduction of the Neutron Multiple Number

The atomic mass is a sum of the number of protons and neutrons (Kumano, 2015). When the difference between
atomic mass and atomic number is divided by atomic number, the quotient means the number of neutron per proton
in nucleus. It will be referred to as the “neutron multiple number” hereafter.

Figure 2 shows the distribution of this “neutron multiple number” of elements on the TC-YM diagram.
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The figures in the legend show the range of the neutron multiple number. Surprisingly, the neutron multiple
number of elements shows a pattern on the diagram. The elements with the smallest neutron multiple number Mn,
Cr, Fe, Ni, Co, Si, Al, Zn, Mg, Ca, Na and K form a quadrant on the diagram. Elements of large neutron multiple
number are distributed inside or outside the quadrant. It is quite a new pattern and absolutely different from any
other patterns obtained so far. It is surprising that the character of nucleus such as the neutron multiple number is
related to the physical properties of materials like Young’s modulus and thermal conductivity. Moreover, it is the
same pattern as the abundance of elements in the universe shown in Figure 1. Therefore, a good correlation
between them is expected. Figure 3 shows the correlation between the abundance of elements in the universe and
the neutron multiple number of elements.

Good correlation is seen. The “neutron excess” is defined as the difference between the number of neutrons and the
number of protons (Aller, 1961). But this neutron multiple number seems not to have been quoted yet, and Figure
3 seems not to have been shown before. As the neutron multiple number increases, the abundance of the element
decreases.

The elements are created in the universe by many sorts of process (Aller, 1961; Aoki, 2004). Figure 3 shows that
the probability of the creating reaction of each element is dependent on the fact how many neutrons it needs for its
protons. The element which needs more neutrons for its protons is difficult to be created.

Figure 4 is the Oddo-Harkins plot with respect to the abundance of elements. With increasing atomic number, the
abundance of elements decreases rapidly.
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Figure 4. The Oddo-Harkins plot for the abundance of elements in the universe

Figure 5 shows the change of the reciprocal neutron multiple number with increasing atomic number.
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Figure 5. Reciprocal neutron multiple number with atomic number.

The abundance is inverse proportional to the neutron multiple number, therefore, the reciprocal neutron multiple
number is convenient in some cases. With increasing atomic number, the reciprocal neutron multiple number
decreases. But the elements Li, Be and B are exceptions in both Figure 4 and 5. The elements Li, Be and B needs
more neutrons per proton to stabilize the nucleus than adjacent other elements. But these elements are not
exceptions in Figure 3. They show the same trend as the other elements in the abundance vs. neutron multiple
number plot shown in Figure 3.

It can be considered that, with increasing atomic number, the nucleus needs more neutrons per proton to shield the
positive charges of protons and stabilize the nucleus. As a result, the frequency of atom formation decreases with
increasing atomic number. In the elements with few protons such as Li, Be and B, they need many neutrons
comparing to their few protons. One more neutron increases the neutron multiple number greatly at the elements
with few protons. This is the reason why their abundance is small in spite that their atomic numbers are small. For
instance, Be is synthesized from 2 Helium atoms, but Be with 8 mass number (The neutron multiple number is 1.)
is unstable, and decomposes into He again (Kyougoku, 2011). Be is stable for the first time when it gets 5 neutrons,
as is observed practically. Then, the neutron multiple number becomes 1.25 and the abundance decreases greatly
according to the correlation between the abundance and the neutron multiple number shown in Figure 3.
Consequently, Be is located at the end of the minor trend in the lower part of the correlation. In addition, Li is
located just on the lower part of the correlation line. B is located a little off the lower part of the correlation line,
and is adjacent to Sc. They are not isolated in Figure 3, while they are exceptions in the Oddo-Harkins plot in
Figure 4.

4. Discussion

The abundance of elements in the universe shows a good correlation with the neutron multiple numbers. With
increasing neutron multiple number, the abundance in the logarithmic scale decreases linearly. It is understandable
intuitionally that the elements which need more neutrons per proton are more difficult to be created. The
Oddo-Harkins plot shown in Figure 4 is famous in the abundance of elements (Cherdyntsev, 1961). The abundance
of elements decreases with increasing atomic number (Takigawa, 2013), but some exceptions are observed. The
elements Li, Be and B show too small abundance and some reasons have been commented on it (Pagel, 2009; Aller,
1961). But they follow the general trend as is shown in Figure 3, where the abundance of elements is plotted versus
neutron multiple number. Li, Be and B are included in other elements and are no more exceptional. The exceptions
of Li, Be and B in the Oddo-Harkins plot are solved in Figure 3. It has been reported that the elements were created
by various processes according to the atomic number (Aoki, 2004; Takigawa, 2013; Aller, 1961). But, totally all
elements are ruled by the neutron multiple number.

Figure 5 shows the reciprocal neutron multiple number vs. atomic number plot of elements. This shows almost the
same trend as the Oddo-Harkins plot. The Oddo-Harkins plot shows that the elements with even atomic numbers
show larger abundance than the adjacent elements with odd atomic numbers. Figure 5 shows the same trend that
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the elements with even atomic numbers show larger reciprocal neutron multiple number than the adjacent elements
with odd atomic numbers. It means that the elements with even atomic numbers are more stable, therefore they
require less neutrons than those with odd atomic numbers. The elements which require less neutrons can be more
easily synthesized and can be more common.

Figure 6 shows the relationship between the abundance and the neutron multiple number at the elements with odd
atomic numbers and those with even atomic number, respectively.
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Figure 6. Correlation between the neutron multiple Figure 7. Distribution of the melting temperature of
number and the abundance at both the elements of odd elements on the diagram

atomic numbers and those of even atomic numbers

The elements with even atomic numbers dominate in the high abundance and low neutron multiple number region.
The abundance of elements is not ruled by the atomic number, as the Oddo-Harkins plot says, but is ruled by the
neutron multiple number.

Next, we study the effects of the neutron multiple number on the physical properties of elements.

Figure 2 shows that the neutron multiple number, that is, the structure of the nucleus is relevant to the physical
properties of elements. The elements with small neutron multiple numbers show the self-compensating
combination of Young’s modulus and thermal conductivity.

Figure 7 shows the distribution of the melting temperature of elements on the TC-YM diagram (Mae, 2016).

The figures in the legend show the range of the melting temperature in Kelvin. In the melting temperature, the
elements of high Young’s modulus, Re, Os, Ir, Ru, W, and Mo, show the highest values, and the trend decreases
gradually along the straight line of refractory metals and reaches the elements of low Young’s modulus Ta and Hf.
In contrast, the elements of low melting temperatures are distributed in low Young’s modulus region. This type of
property will be called “the property of Young’s modulus type”, because the effect of Young’s modulus is
dominant.

Figure 8 shows a correlation between the melting temperature of elements and the neutron multiple number.

Figure 8 shows only the results regarding to the elements of high Young’ moduli over 200 GPa. Some trend can be
seen that with increasing neutron multiple number, the melting temperature increases. The elements with low
Young’s moduli do not show the trend.
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Figure 8. Correlation between the melting temperature and the neutron multiple number at the elements with the
Young’s moduli above 200 GPa

5. Conclusions

The abundance of elements shows a unique pattern drawing a quadrant on the TC-YM diagram. Similarly, the
neutron multiple number, defined as the number of neutron per proton in the nucleus, shows the same pattern. A
good correlation that, with increasing neutron multiple number, the abundance of elements decreases, is
recognized. The exceptional elements in the Oddo-Harkins plot Li, Be and B are included in that correlation. The
abundance of elements is not ruled by the atomic number, as the Oddo-Harkins plot says, but is ruled by the
neutron multiple number. The elements with small neutron multiple number are more easily synthesized than the
elements with large neutron multiple number.

Moreover, the atoms with even proton numbers need less neutrons than those with odd proton numbers, and
become to have larger abundance.

Furthermore, the neutron multiple number affects the material properties of elements. The elements with small
neutron multiple numbers have the self-compensating combination of Young’s modulus and thermal conductivity.
The effect of the neutron multiple number on the material properties of elements can be seen also in the melting
temperatures of high Young’s modulus elements.
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